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«*E*|| SI 5 

MIEte m$\ FET21 UEItH E£ ^ M^rsiS 

SI2E, SI3E, SI4Ei=r S gtgOII 2|& ^£1 ^|SJ SSoPI ?IS ES 

SI5E, SI6E, Sirs, SI8E, SI9E, SHOE, SI11E, SI12E, SI13E, SI14E, SI15E, SI16Eb 
S g>S2| Cf^ ^AIOIIS UEiyi EeOICL 

[grssi ^ Aii ei- ae] 

^ gfS^ ^E*ll M£ ^TS CHI 310ID1, SCf ^AHISHHI Bl§ 52 SJ 3 ^ 

Oil H|SK"»*)£|Oi Zlt: QI^OII £S &E»| ^0|| * mftffi ?-H|&'^E»l SX| ;gJ 
01 BhEM &X|M ai 01 ^AFOil 2| & L^§(^^a B B )^ e332K*Mtt)S OlgSrOI XII28fe £JS 

Oil Iff 3101 CK - - :■ ^ 

SI1(a)Efe ^£HH| -)\\0\mm FET(MOSFET)H| Be ?SEM UElfcH 330ICL ^2H£| NxH^ MOFETb P 

m }I2K11)LH01I <H Heiioio^ 0|=CH£J NS S^(12),(13)3J- >l|0|^ g^°|(14) #0|| >j|0|^ 

S^(15)S 2r£! SCH SUCK E 16^ £j^o^ SeafOICh 

0|»SS rfcXR^SOH/Hfe. ±Q± §J EBII9J 3^(17). (18)S 4^2^ gi E&li£J *^a«1 ( 12) , ( 13)fiP 
E ^TB ?S(?^l§5i : Contact hole)^^ ^EH ^#(I*fcB)^XI Sfo^ fiJ-S Q. ZieHAH ^ 
5^S2*g giHE 5§fiCf£ ^X|°S 0| m& 313(11)2*21 ^l^g^(Co S ),(C ss)M ¥ 

AIS 4b SICK SI1E(6)b 3| £Sg§r(Co S ) , (Cs&)S 2r£! MOSFET 2| ^rsi^M UEft«CK M0SFET(101) 

b §^ Cos * ^lOIH g^£J S»SA|2.K)IL£&y ^Xf£| gSf ^E^r S6HXPI OCH^OII D\® 

m^(Cos)m ^±mb\x\ afo 2 ch^ la^ssrs 4 sack 

e ebhsi ^<m- d\b?}2\ aioiasnE *?ai» 4= st^oi x-i^bis^ #*r^oii sioun 

E SI1E2I mm MOSFETb 9XO . 

Ol^Hf i§8 M0SFET0|£|£| FET, » ^5H0| OH ai CH IHIOIM FET(SB FET)U ai^>IIO|^ 

FET( JFET)CHI SlOiVdE >|2| D^^XIS »»&Cf. E.^ U^0I3£| E^XI^EIOII 2iCH AH E &10|^2f 

ewou §££ih: ^i^g^ §25 eishoi mgo\ xim msi 9i(H ans^oi s 

SICK 

^ ^SSI ^Olel g£H2i 6HS^ y£x| J3I2E Sl^Sfe CHI 

g ^g2| Ch^ FET(Field Effect Transistor )2| SJ E£||£]£| ^l^g^OI 5jH § 

^01 J^zl FET2I SI5 ^ai Sl^Srb CHI SICK 
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e ^goj QB S2.™~ mo\±2} w&\E\?}2i ^i^g^oi ^21 m^ni- =goi ^4>gr otoisai ^xi^ 

EH 315 ^1 fll38tb C1I 9XQ. 

¥ g*9°| U^ ^S fllOIXi SAhS Ahg5 r 01 AH^£ =?S:9\ «*S=X|| ^|3£ i^i aiSShfeGII 21CL 
£PI = «8fl S ^§8 ^SExll Pie S^3f 3 ^1 CHI (&5i)£|Oi 21b lE^OU a 

i§ 5Eb hi a a ^ai^eie s^s^oi hi*t^ ^ 01 ai§ sEb uis s ^aie^toi aioixiM ^ Ahahoi 

BaS& BS§ 4!ai^ SjHj ¥M0|| SrtfOlU 0\£ ^X|£J M$:W £=EJ 

^ErOII °|6H g«e & %M\MO\\Mt= 3X1 «rtt 92?0|£PJ gx|S r b ^£^1 X|| 

^pisi- uoi e gjgs ^lessi aee^oii ess ^ai^ atoii abasia- 2^ 

m g&mb ^aoii a» 510m. zibhah 012^01 eag ^aie arsi g^oii ^s r oi aaem. 

^XlSfb H^iOl ei§ HfB|g 3g£Sj B'aS ?l3r^0|| }|£H&t8) sf^l gtSSOII 2|S> 

01 0|| HI (Epitaxial) S§rO|| gfiS MUM ^SJSKH 4=^ LHXI 4> £J§S| AlZRHOil ^ poi § 

E£| ¥JHI£ ^§ »»£S*| H £ 9 U . 

SE 10" 10 -10' 1t Torr feB £!3 § Oil AH Bl§ HE Oil 3ieM 3rS5 r 0l 

^§s§§ Am bis^i ggsfe 5i£ mmxiji 21a. oiy& &as 3ie#oii 3 

i§°4 D 4i §^5ho^ m m^m ^mo\ owm^m g^w »»t 2»opi wmow bis^imsi af§ 
s r b 5ioi s^asm e His^Mg^oii eaaots msmt: s^testach 

3 SHU £1^011 2101 Ai°j 2[g ^Exj| SxPt ^XiSMI ^^SOll HF£f 13^1 mas gg^0il£ Bl 

§ H 4°4i i£6H0t °_hQi= i2^§ ^i:q e^oi- iseHxi^i sao. otis uie^oii ni*ts sio 2 st 

Oil H¥l SSS ^ HI3U a a Oil IIiatSKM aiOIXHB 2AWfc »B0| si^ao) MO. 

(M.w.Geis soi m&m "se naioin zibhoih §j eiioixh oise bi§^ ?\m#o\\M2\ mz\ 

la^ifl 1 Applied Physics Letter, 35(1), pp. 71-74 I.July 1979) 

omnoi me, ¥<y ^^i M¥ lh oil ni^aoi a^ biss ^ai^oi &^Ssf£i3 oichah ci§ 

mm 01 ^^8 soj g Si 2| ggoj ^ICH^f 5&rS- OrUEt ^CHXIb Eh^S^Hj 

£J^0| Sib e ^£^1 &XI2J 731 SOil 0\^m 4: Mb §£^b £©8H 2iX| S ^ 

sx-ii Pie ss¥Prin#of£^ pibhsoii ni^t^ ^ B£x-ii#e 2S0II hi ^lai-oi pie 52 

^0]| m^tjOi 2ib ^£*il^0il SX^ dIS SEb aiOIXiM mmStJl, SMSfb S^M ^xF^o^ 

0ISAIS ^^H(Z0NE MELTING) a Oil SJ §H aa^fiTOII IU^SIOi 21b &£X||#e Bl§§! Sfe 
fll&SOi 2ACK^^ 42-12087). 

nam iisth e^g ^ai^ ^pi z\5\o\ mo.& e ^H2i «is^^ sai ueilhxi 21x1 se 
^ch& b^s ^ai^^LHOii %<^s^m ^^moi b^m mx\m °JEb 51^ sai ueilhxi 21x1 
act. 

S 2*9011 2101 AH £ai^S 6f^|2f STOISrOI |g@Ci. XII 2^ Oil UEft« UI-SM^OI BIS Si 

Diecnsi ^sr¥^oii bi§g sio 2 ^(2)# m^sm uai oas si^csb ui§g si at) (3)# 

g6H(i!fe^)A|5IU. 

oiaaoi sio 2 ei(2)oi m^aoi 2ixt s^ji spie(i)^ ^is a^shJi 21b hi§^ si^O) 
g 3ie(i)«iAi2i £r¥K*i±)(hKi)3 s^moi oH^(^+g)oiinii»^ ^§oii caaf Bas»sfQ. 

she si02 [■■^: ; (2)«oirin^aoi"afc~.-¥ i s-2i - oaa sb hi§§ swc2)& buoixi ^ ^ai oil-si s r oi" s«a- 

" aS& ; -J»M2Ka*») SEATS >ixi &j g( random) oh \g$\m JIB BIS . a9«!0Kg-g£JQi U.a§.- 

ssi tst^u.' ^y^js^b ess us§ ^^j^o^ ^SHxixie sro 2 ei(2)4roii 9io\ 

AH S| Cfl§ SEb H|§^ S1^(3)0ilb 2iy^8£AUI ^XHSPI (IK ^ Oil 01 ¥^0il 2iCHAi°J CH§ ^ 
SB ^ie(1)2f S=6f2 21b ¥^0{| 21 Oi AH Bl§ ^§aC[E AT/ AS (AS yi^E) e^ ^CH5! 
U. 

d^AH ^ieoii s^aoi 2^b ¥^oii -2i oh ah °jxi Ai^§h easoi, aa^^oii 21b g^imm 

01 ^ EH Oil AH ^#(*frttl)5rbCll g^i ^U. ^S^£b <110> S&OI Ph§ BB^aJl ^ 

aiXI 21X1°} Era^Piesi ^?ie h=KHJ 3^b <110>^0| {h K ,} ^si^ffOI @U. 

c^arAH pie (1)21 mmn 21b ¥^oii 2ioi/n <h k i> easoi a§t m zi ea§ &¥0ii 

Ai <no>^iJ2j &a§i ^sse tyoHSU. zioii cuah ^^^(2)^hj uiss ^ai^&i(3)£ ?^e+¥^¥ei 
sxf&^gspi- &iy£ioi ^^oiib uisn 5Eb ens ^aie°^(3)s u^s^oi 

§3^(2)^011 2101 AH 2J U|§H ££b Ql§ 6I£ISflt(3)2J- ea9SI- ^ h 4= 21b g?l ^, B^SSF ST 
4 s 21b a(®)^ifS|^aib AT/AS ^AH S§SPI ffH^Oil gg?|2i dl§^ ^ai^°^(3)e B^Sli ol 

d\ ?imo^AHb oi 2ie P^^ti- a>ii ir ^fi^h 21 U. 

m± aiOIXHS ZEArsi- 3?, y^Eb OH^ B8h^^| iH^Oil AT/ AS °J AlZrS E45|2g Arg^ BJ|0| ' 
Xi°l W± ^ §£°l A|^ CH(^) a^3 ^^H- ^ 21 Oi ^SJ^ oi^| AH b 0I21M 50Uin(nano)^aP2 e!" 
CK 

^XH^rXI ^SIXI 21b 3^ 1§ ^S ^Eb &]Ha r 0l^U ?l^^1 (whisker ) 2| ^ 100m/ ^ OP I GCH 

^Oil dlSS ^ai^^oj Olgio^ 5rE ^Pl A| ZILHCHI eaSsI- m ^ 21b S?lb ^ 5ym 

OI ^Uiefc CHIb ^Pl£f ^01 AT/ AS B\ M&m |2ffl 3g>il SPI ?loHAHb 
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^oi zj aioixia Mm5tBx\ cw aiopaa AhssK* diss ^kmo\ 

fe« «8H2| ^XIAIZtM a 311 8^ SCK 0I2J- aO| &0|| §I2^2| UIS±J SBSISMI 

&a9£ta 4 9X9.B\ t mm 13 a^ =1 0K)|3S iE, U5E 3^g( Joule)/cm 2 aiOIXH S SAW 

s gfiijos ^ fc ioopm§£ gois^i ess si- m 4* 9iO. 

[4AI0I 1] 

X||2£0il U&Uj fcttSfaOl SPI&(1)£| (100)2#0il ^ 4pm, nt¥M ^ 2.500A2] g^hSfB|(2)g ^#2] 
SSB33IIII 2 1 £ Oil HJS^OI 2 p m 2J ^^25 SSShSCL LfsOil 3X|2| CVO A^ShOj ^JHI 

at 4,oooA£j ass &z\m^(3)m 22011 Eiamaa. ^ 2su^^£j q^?i xia ^ch ai 
01x1a 2^011 s a* snack 

2SM01I Ahg» yjoix-i &2| Oil Li XI gJSIH I.SJ/cnfa dHb CFSS ^(3)g 3l3(a)£0j| UE*fcJ & 

EH^h £|&Ck ^, SAh£| aiO|X|2] Oil U XI ms.lt 1 .5j /cr/oil Ai b ¥1 af 4.000 A2] CFSS *J£ie ^ 

e saswi gsHsixi sf^oi ssiJ2i a^pi- era gs^ era a oi a sack 

nam #sw(2)2i e¥^oii ^ej eras ^aie^(3)s ^»ot(2)6K)ii/H <no>gjs?°s 

i^X-KtexturepI- H»20k 0 | i^XHSJ SS^Ib fl|2<a)£0ij UEftH »»a0l aj= 1.2pm ^Ai SPI 

eKD^oiiai agist ss^^i ^soi oi &gfos q<m^ an so °ib 51^ ueilhiq &ck se 

SS^IZtM EAf»2S 1*4: m S^S 5^3 01 3?^J SS SS^Sb ^ 50m/^ 0| Ch. 

aeoii gi 01 xi si ohmji ejs 2.oj/cm 2 ^Ai 221 sAhShack 

OlStaOl SIS 4,000A2] CfiS 4' £1^(3)^ SfS8f}j| ^mtW *|2(b)E0|| UE*t« H^aOl & 

§w(2) m&¥m ^¥e^ oisjb easoi sack 01 m sio 2 at(2)&oii ?xoiM°\ eas^i ss 

?i£lb 33l2(b)£0il UEFidl WSfraOl 2Mi 1.5J/cm 2 2| ^SEMAi 5Af^ (EH iij^Zi 9 :Hd|2j- 

ch 1.2pm -oiaa. oisie ess ^s ^oiib 21201, ^^01 sou^^ §^2] ai 

OIXiOllAi ^ 01 SSE ?\Z.\2\ &mO\ UEILH2 2iD. 

i*, ai 01 xi 21 oil Li xi yj^M 3^1 sfs y^Ai^ at^i- ijchxih^ essif SFb ^^it ^ajs^xi^ ai 
oixi #21 oil Lri xi amsMrsa geHsi: oig ^eie^oi x<¥^ tnai^i gch =chi aioixi 

#21 Oil Li XI a Til 5^ dlb £^£^l SACK 01l?jC« ^t^XHI ^ 4,000~5,OOOA2] CH§ BIS 

S ££iest£| SAhOil A^^ 4- OilLiXI ^£2j 5iCH^^ ^ 2.0J/cm 2 Oia. U^Oi ^8h3 Oil Li XI 

2.0J/cm 2 2] ^^aiOIXiOil 2im0j Bl§5i m ^ 21^ SEb ti|§^ &I2J 5jCH °I¥WI 

at 5.000AOICL 0| 5JCH ^¥JHlfe 3101X1 ©2] 0||LiXI 3^il 5^ 31011 2]§H P^ShDI Oil Li XI ^ 

£E 4.0J/cm 2 2J W± aiOIXiS AhgS^ ^ ¥3H1 1.5pm §£2j ^ ^XIM BaSSFST ^ Dd-iU 

aioixisj on Li xi m^m ixmm i^q- h^oi geHsioi ^esFShoi lhbipi uncoil ^ ^soii 2i 

CH Ai A^^ 4= 9±t= aiO|X|2| 5|CH Oil Li XI IJEEh: 3 XI Oil AH ^ 3 J /cm 2 S ^i8fb 5101 CH¥ 

^oim iiFdfAi oi s^oii es§sf m 4: c^s se^ u\^m ^ai^a^oj o| ¥Wlfe m 1gm oia. 

0121b eiCHS ^ ^SOil 2iOi Ai Aim** 4 Sib aiO|X|2| 514: Oil Li XI ^!£b ^ 1J/cm 2 0|Q. ^, BJE 

xii sxi xii £ s 01= chi 9xo\m Mmm ^ zit: ess ^ ^ 1,000 a 01&2J °i ^^ioicho^ s^m 

ej ¥JHPI- 1 .000A0|6h0|2 a& §^e0| 0H¥ Se+5HXI tH^JCK °| ^Wl 1,000 A °j SEb UI3 

i! ai&isoii' aioixiM ^Mm ^^i^2j ess ssoi Ai^rtib oiinxi ^ u/cm 2 opi ch^ 

Oil «-'.»«-0|| : SiOi./H^Mgab»aiO|X^-0||LiX| ^1 J/cm 2 0|^0JCH0^,oKCKv;-.-- *---- v 

§^ .aioixis- AFsshOi. es.sm -6hb..s^ eassur .4= sib a ^tm. ^-£IM .a^iapi ^.cHAib. 
^a^m y^ahb 5[oi ^m.mo\ oi^-aoi 2sj(itj[n)°i ^AFOii ^siw esssf^"¥^e 

Ti^is a>«moi cH^^2j ess s^spi ^le^oiAib aioixns A^gafe 5i£ ^^a^ 

a. 

= , ^23hb 15W2| aiOIXiM A^ShOI b|°J *jg0l 50pm (Oil Li XI 10W) , af 

5m/^2] ^ejo^AH XII3£0il UEft« ?5§ ^A^^Q. 0|2f^0| 6^ s§H ^XIAI^S ^ 4= Dh0|3 
S 2Ph£jOi aSS 2Eb HISS a[ (3)m Si0 2 ^1(2)^21 ¥^M £^SK)1 2¥ Bl§lfi' 4 2i»CK 

^2 oil s\m aioixie Mgi iihsi oil Li xi b s-2ow^ mb 5!oi bf^^imcK 

e ss^oii s^^ (doping)^ imb ciib ai oi xi^oii oi ess^M i^apisoii oie ^^j 
01 l^ Ahgshoi rt^mb m^mm lfss ui'sg ^£i^ ei^oii ^ aioixi^e 

5 AI-oFOI eSSsf 5^ fCf. OilM 2-3 x 10 16 /cm 2 S£2J I^ii £H e.^0il aioixi^g ^Al- 

ShOj BSSfif 2~3Q/cm 2 2] 'XISSS ^ 21 a. 

^ ^§oii siCHAib aioixib ass £b ois^ ^ai^e eeHm 4= ^qpi cn^oii 01^ 

M M6H^ 4 Sib aiOIXiM 2¥ Afg^ 4= 2ib 51^ 5£ SiCL Ah CHI 2|5h01 eSSsfS IS 

s iHb M^m aioixi2j ^woii aj^ ^Ah ^^m M^mo. 

§*29i°^Ai Si0 2 ^# Mgei S^Oil 3^01 fi^SlXie, S ETSOil SiCHAH , 1} ?|0il BS 
S ^die ^01 g^£lb ^^a|0| Si0 2 a|2^ sh§£Jb 5! 01 0\^m g^OIDI Si 2 N 4 a|, Al 2 0 2 ^, 2J 

^a^s s xi oil °ioiAi gjof^o^ Ahggb m&^m ss?ishhi A^aFb 5101 ^f^sici. 
oie §^ato| ^^21 Pie^2j a (j|j2£)b §^2i s?b ^ k 45 0 oixie ^^^0^ go 
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omou &mou °\bio\ ^ch£! fciasafoii oi^ ^ejoiu sfttgsi xnejM mmo\ &^n\ s 
xis sssfe ^si^. 

M±m= m&^ou ^om ^zmo\mm is gaispi m^ou p„s&o£ saist^ s^oii miasm di 

®m&0\ CUB 51 ^Qb 01301 81 CK 

SE S0S(siiicon on sapphine)§j&fc C|2Dj 3ie#«|S &ESI £X>°] gl^SA) 0|g§fr 4 s aiCKa.Shfc 

*||4(a)£0il UEffcH b^BOI SiBSS 3I&(21) &0i| <M^^o^ Si0 2 S(23)M 2£0j| 

gg&Cf. 0|M iiSS S?, OIIM 12 CVDe &h£*il &XIEI5 ^OtOil °lCHAi B SfSIS ^3 Oil 

H]6H S8H3CL 

#21 Si0 2 ^(220, tH§§ SEb CF^S °| ^ZHIfc 1 pm§J 0,5pm^ ttsOII 

fl|4(b)^0ll UEfrfcH bm^ h 0| = 30U^s 3££| Q^xIM yCH ¥¥U| EHOIXI (20)S Oil M XI 1J£ 

ef 2J/cm 2 ^ d|§S SEb Cf^g £J£|^ (23)2j 2 3 Oil 2SA*ShSCL 

0|2H*0| §h£ bl§§J SEb Chl§ ^£1^^1(23)^ ^L^2§ £JCH SSmOl }|5K21)2| ^§ 

^01! m&M XHUH^SIOi *|4(c)E0|| UBfcH U^BOI B^S ^B|^ #(24)0| Si0 2 ^(23)£| #¥^XI £ 

Si0 2 S|(22)^0il agJ«os Bl§ ££15^(24) U0|(x)b SAI- Oil U XI 5 Af-AIZi , dlgiJ 

Sb CJI§ ^Eie S| 5 0 oj jujjHj so|| Hh ^ Cf^XIB S^OilAHb 5pm 012*6. 

CU^Ai SIOz^^SI UI3B SEb CH§ ^ai^siS 2^ Oil AH BISsf 5f2 SJOPt °f 10pm2i Si0 2 ^M 

bis Aiassms ni« s 4, °icf . 

012^01 eiioixi ^Ahoii smoj bi§ ^siern s&Ai^ib 01 ah biioixh ohy ohhi^m aibj-jq ^ 
be*. ofdfAH mioixi o^y oiini^Aioii sjaHAH ^emi j\mi* m&^m <&^™°^ ni^ahb ei§ g 
bi= usmoj ^ch£! b^§ ^si^ ajoii ^^§«om 2^ i^a^ ^eiiaf^ cie ^p^2h 
m^m Dm fet, h^oim£H m^xi^^, qoish §§ s 4= ^ck 

t^AIOII 2] 

H ^AlOlfc SI4(a)E, »l4(b)£, ^I4(c)£0il UEft« a^aoil £|oh01 E.^§ AhgSF 

01 3|0|^|^S PhSI FET(SB-FET)H m&~± ^9.^M ^|5(a)£^ ^CH& SB-FETS] 9^5, M5(b) 

»5£0|| SiCHAH ^|s 31fe PH 3|B ( 32 Si0 2 ^ 33,34^ SE^ OIS ^gJOII °j6H 8 

n + s^o^9 ^ Hejieio^AH eiioixi ofy oiiniii»Aioii siahoi ^ck& bi§ ^£|^^i(35)lh 

Oil m&&0. 36,37,38a ^ ±^3\0\ UHdICH >ilO|M S^.^S^ 2^ ^ Hfiliej UEftdCf. 

^ 41 A| Oil Oil 2AOiAi°i SB-FET^ ^S^, SBiiej (37), (38)^ ^£1^ 51^(31)01 Si0 2 Q[(32)0i| 2| SKX S 
£|£iOi $i^| ECHSCHI ^Sr^(33) SJ Hej|oj(34)°J ^ie(31)0il Cji^ s^ 0 | ^±B[0\ n^w m&o\ 
olQ. SE J\^(3))m ^S^(33)0il QiS^OI ^^§1 S^K^li)^ »°SM| CIMEI^g (depletion type) 
. a e|E|-i.( enhancement- -type) gmoil ai^B*^ 9XQ. S. Hfiliej ^4)0|^si0 2 S|(32)oS-MaraOi^ 
2LD\ . ffHSOII . li&lltlJS .Mtt.^ ap., 5E., ^9|0|7||0|M Pi6l PN. S&>||piSS. JFET^^'S 

[UAIOII 3] 

^I6(a)£b r^2^ ^ ££iiei2] AM5|0|^©i^(43),(44)^ ^^E! MOSFET^j UEItUCf. 
16(a)£0il aiOiAi 41S N + g SiB^S^IB, 42b Si0 2 e°i >ilO|M , 47^>]|0|MS^, 48,49b ^ 

Jil6(b)£b Ol MOSFET 2| § 5ISIS1 UE^Ch 0| MOSFET°l ^SS ^AlOil 20il UEHI 5!3f ^CK 
[&IAIOII 4] 

3l7£b S Oil HJShOI MOSFET M g^S^ OJIS UEfLH&j, ^|7(a)£, Xll7(b)£, ^I7(c)£b »l 

^2£0ilAH UEftH SSOil 2J ^Oj ^CH^I BiS^j dl^(53)£| Si0 2 ^l(32)£| ?H^P¥^0il TilOlM 12^ 
(Si0 2 M) (54), Pi§ Si # o^^j >j|0|M 2^(55)^ 5§0]| £J t\\ mg&Q. (^I7(a)£), Q§ 

Oil D >ilO|e 2^(55) e OhB^ 3[W S10 2 ^ (52)^^1 BIS Si#(53)0il 0|g ^^J £b ^^6.^ Oil 

2|oH ^£e^ ; £2Jm01 N + § S^(56), (57)M g^SFOi (56) ^ ^aiej (57)^ ^Xl^CL 

(^|7(b)E), Z3^ Si0 2 ^£| (50)M DAI §SSF01 2^^ie^M Oil S BhCM A1§£j §J 

Si 2^(58), (59)M IS^CK («|7(c)E), H£|^ ^l75E0il 2101 Aj, 51g Pt(5Eb P)^ SiBaa^lSK 

®fii)(^ie. oiini^^e. aH^se)oin, 52b sio ? ^, si 3 N 4 ai 2 o 3 ^. ei^s^ s»wm ^^ai-b m 

^§si-CL £E BI§ Sie(53)^^AH 01 PI Oil AH b NXH^ <&*}± 2§g MOSFETM BM^I ¥1 ShOI 
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m\H 2f#2| £3g2| AH£ 5hE PxH^ MOSFET § &>s 4= 91^ 2!S W^0\Q. SE eaa Si # 
(53)21 £2^8 e||2]XH m0\\°\z± eSSSfS S§|O|S^0|| £gJShfe-SES!g 1^1^ £@i 0|g ^ 
2J0ILJ- g2f-ttSe0|| SJ6H ISfS eCL dial! Si ^ CFS§ Sig^AI §A|0|| M^m 

Htt 4>£ 

X||7(c)£^AH S^SHS dh2f IT0I §J Hfi||2J 9« (56), (57)B IS Of (52)&0|| £XH3PI MS 

Oil 3ie(51)ZJ2| ?I£J g§fS ^CHXIIQ 12^ El- m&0\ ^^8^01 , ±Q± §J Hfilioi g^Hf 3ie^°l £1 

oi9i ^chxioi neiiej lh^oi ^ck 

omuoi siioixh otyouni@!£ ^§§2^ aaet §est#sj Bi§°j£i§t ^ §a =eiie# § 
g»oii ajaf fet si &2.± sj :>iezj- g^oi &ximn xmm 4* 912.W :>ie°i g^e ^£ 

8 XF^SAI ^sfAlfJ 4* ^[H (0131011 °J5H Cf^ ^Xf2|2J ^^0| XF^M>il SC}), HBlie LH^OI 

§ JH£0| gi Oi £! Cf. 

5E J|7(d)Efe XJI7(c)£0il U&t« MOSFET 2| ^ d\ 3ISE0ICK £A|OII 2-4011 AH ^ FET 2| 

§j Heiiesi <&xm &m m&^&2\ Bii ^exii eoii gxi&xie hsoii ca-ah *H*e(oiia 

01 3|X||2} S^oHQ &Xie 01 S^M gE^&CHI MZ\ SiO\ FET HI 29^1 W 9 at e^ S^Oil £x| 
[AIAI-OII 5] 

&d\ Mhm\^z eaa ^aia^e exi 1* ass uauixie, ai4(a)E, ai4(b)£, 

73l4(c)£Oil UEftH S§§ BWaWI Eh^S-^^ &t-&^§0|dH3 5^ ^8 ga§* 4 2i 

a. 

jsi8££: n ioiioioi, eaa pi& (6i)#oii g°^(62)oi gxisin i^aa ei§ bseh«(63) 

01 gX|£JI2 ChA| n ?|Oil ^£^(64), B^S ft£EflS(65)0| MX\S\0\ &3§ »E»I«(63) 

(65)g 2fr2t 731 1 CHI J3I2SIJH2I B||0|XH 0^ Oil HI ^SOil 0}^ ^X|@ Utt 5!£ SiP. 

[A1AI0II 6] 

S AIAIOII^ tiAIOII 50iJ £]5H ^OiS 2^H^I &S9 ^die^e AhgSFOj FET S #OhS&! -iPSSI S*£fl| 

7319(a)£^ 1#£| BS9 (53)M ISSfOI 2^HHJ MOSFET(M, f M2>M S?I UEf 

yiXie, 73i9(b)£^ CfAl n mO\\ Bi§ ^aie^(53')M S^^OI ^^IC^ ^|3M0SFET (56 H a ^2^, 

57"=aiej,- 55"^ y\o\^)m mszi §?§ UEitycK 

M9(b)£E0|| SiOlAH, 71.72.73S A1^2i 2^, 74^ MOSFET (M 2 )sj HSilSJ (57")Hf l\\0\m (55")M 3^8^ 

N + S g^OIQ. =£(c)^ 0| MOSFETfiiaiSI e ^asoio. 

OiaaOl FET^ ^ESI ^aiSilMM 4tOh3BI S^&Oll CGdf JlS^sl^f ^f^a^l £1J3 5Ee^ ^l^giTOI 
14 bH^giTOI ^enaCf'DH^ ^CH CHBol ¥4ti- ^^0| £CH£!Ch 

[6IAI0II 7] 

^il10£E^ ^ ^S^i MOSFET § AhgafOI Oj|g UEfti! 5j^MAi, MOS § ^EH^! RAM^J 

. oiisaiMe : flii^^Sflicf.-vSfl ano(a)EQii..uay Hi-21- ^01 n§ : «i .a- 1« (bo )^oii -fist^Q- 
s'sl<fe«(8i)m sasKM^ai.eioif *cn§ si^(8De m£o[o\ asoircfa"a siS(82)'s aS&ci".' 01 
oi'/H arorts«._5^sK)i eaa ^^i^ s (83),(84),(85m: asAma- sio^(8i)£j ■.«»■«■ 
^&§^ ^01^ eaaif sixi s^s aaa^(82)e 4=^^ ^cl (^no(b)s). oichah eaa 

^ai^ &[(82)°l 4:^ S^Oil Pg 1^11 ^^J8^01 Pg S«(89)e g^oh^l, ^|0|M tts\^( 

sio 2 ^)(86), :hioi^ 2^(Ch^a si^t) (S7)m ^gotw §j ^^leioss N + g 

m^mm(s8)m is^ci. maioii 9«(88)b D^^mej n 4 §^o S §^ c^§e(82) 

B 01 ^ai- ^5EH(non dope)S| ^EH^ ^ XI 61-04 108QO|^£1 HXi%^^^M Mm&Q. ai10(d)Efe 
^|10(c)£OII UEltd & X| Oil AH ^CHXI^ aj^g UEfyjCL 0| sj&l^ ^ XH r^EH^i^ DilSdi SON AH A^g 
£|I2 Sib MiJSM^ Oliey ^OiCf . 73!10(c)£^AH §^8H& ^0| ^ Hfiiiej S«(88)g 

sio 2 § ?]xi pi^(8o)j}f sai a oh an ° oil n cHesi ^201 si^2j ^is ^t^i- ois^o 

S a^e^Cf. S^(88)e g^^e^^AH MOSFET 2| :>|xjl(gff )(89)g P^^ NxH^ MOSFET M 

« 5hS ^£ExlPie(80)e Ni2£ » 4 SPI IH^Oil.SXH StEXII DiieaiOilAH ^Ail^ £|CH a^JXh 
Oil OiiaHfe CH^^o^ p^shOI 6i5J^°i y^X-il axlM ^ H 4= SiCL 9£ ^EE^IPI 

EK80)e I3^£°i PM (P+l)°§ Aj£ CHI £H M ^ h 4:Ai^ 4 s SiXie 5!i BX^ Vcc'OI SCK 

se oii^ai*j°i ¥s^ah xmm A^sixie ub ±x\ mm §2 mosfet (n,, n 2 )^ mosfet ee^ g 

g^Q|^oj e^§S0|| MOSFET M Ahg^ 4 2iCK 

[ttAioy 8] 

^ ^S£j MOSFET S A^gth C-M0S2J '^JAIOlia UEH« ^0|CK Si ea33ie(90)#OII <^ 

^^o^ sio 2 #s(9De ii£^oi d ssoii aaa si^(92)e m&mQ ( ^in(a)s) . cieoii siioix-i 
it ^AhSK>i E^iti ^aAi^i eaaej (93)e ^^112 nsi^ jii^^q. eaa 

^ai^^t(93)oii otiM §9 ae§ oie^asm pgoto^ ~>ct. cvom ^x\s\ &mm Mmmo\ 
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flin(b)£oii uEfyi bf2f i*oi :hioij= tt&^{$\o 2 m) (94), (95) 3101^ s^ibss s\mm) (96), (97) 
m ss^o. omott 31 ikcJseoii ueihi ^2*301 gei(A)0ii.b mm §@ eie oie^gjsKxi 

^2^(901) E£II°J (902)0! Elfe N + g gg&Ch (B)Oil^ OlI^CH fi^f OIS ^2J5|- 

01 (90)^ H 31 ej(904)0| P+g g«M S3£>0. ^I11(c)£0|| OOtH ktt2*i*0| SS^(A) 

Ollfe NXH^ MOSFET ge*(B)0||fe PxH^g MOSFET J\ ZJ-Zf §££|CH 0| 2§f?2J r^X^ C MOSsl^Ph 
O-. S Sx|2| ll^Si N xHy MOSFET 2| }| *H(93p|- &E*IPI&(90)2| S9&¥0{| §£J£|CH PxH!^ 
MOSFET 21 ^£^(903)2f Si0 2 ^(94)M » X] ^aiSCH M3I QCH = CHI #£U^£2] C MOS sj^OIIAH ^Jj|S £| 

oime* ^1^ A^oiai^a m.irtDi &xmn a^sm se p*Hkg, Nxny mosfetz.^ ^xf seioii ass- 9 

2*0| IH2| fit 4= M2I CH^Oli 9^! ^£2J 2* #01 £2£|b 310IO. SE fll2^9£ £ 

A|0j|(7)0ilAH 31 U ^ ^oi ^HMOIiani- CH = *! °S &±S[0\ £I5I32| tt£HS»5* ^CHXIh: 

§01) MO. SE S ^A|01I0]|AH^ DIEhlQ* 4:2^: §J 9^2j M^MOi ^ P§ 2J g*<MI 

^5HAH ^S*Hx|°h £ 4IA|0j|2f 23 &CHfi! £2§2| i^ff AhgSKME g ^§011 AH £OiXli= 
OJS^XIOICF. 

3l12£b S ^S°J MOSFET S Af§°l c-MOSSI Cfi ^A|Oj|M UOfc« 51010. 100)^011 Si0 2 S(101) 

e sasn* oi sio 2 e&oii mx\b &is si #lhoii pg g^e^ocM), n^2| ^s^si- neiiej 
s( 102), (1034), ihioim ttSF^ooso, ^ioi^^oi ais siedo6)e sasioi nxh^ mosfet s 

^?£3fc s.^ N§ M^ee(109), PH2j SJ HeiieJ#(107), (108), MOIS^ON no) , >i|0|M 

E^OI £J = C[S§ Si #(111)0£ PXH^ MOSFET m =?^B\H MO. ^A|0j|80j| UIBShOI PxH^ MOSFET 

2] ±q± ^ Eeiiejoi i^iti ^uzj-si air§§*oi cu^^ ^spi m^ou m^°\ ± 

m& A|^0| 5fO|- ZD^S 4= MO. 

HIE ^|11(c)E ^ XII12£01I UOLHH M^ ^P^M ^&S^ CH^ ^ ^92| #Qi£jfe 5!i 

ShO. SE ^le^Oil <mew^ Si0 2 &2] ^XfOil ^5H/H£ ^ ^ A| Oil Oil AH ^ ^gS»XI°t 

O^^P^^^ 4= M^ ^iS2£Ai S^j^ 5i0|33 S^|£2J d|°f*j s^0| ^IQIS^ 31^ g^SI- 

O. 

SE ^I11£, M 12^011 AH ~ C-MOS M SSSilXiy 22H2] MOSFETS xH^2J MOSFET ^ a^01£ 

eeoio. 

[±JA|Oj| 10] 

oeoii e ^soii smoi b^oim^ m^xi^ehm ^aioiim uot«o. . 

, ^|13(a)£0ll UOt« UF2f^0| Pg ^£1^^1^(100)2] S^S^Oil N + #(125)^ ^ ?z h AH 

§1 Mga^oi aioixH ^afoii 2jaH -r g ess ^ai^iduji sio 2 ed26)M o^aoii 

Afg^oi mo\^\ si^ ?m m^m(^27)m msmct. 

731 13(b)SECHi UOfci! UW^OI M^2J dfOISai CHI 2|SK« N*a OHOI.EH ( 129) , 

N + e(130)§J AI^2J 3^(131)-(134)^e g^A|3|3 XII13(c)£0|| UOidi m^W J\B ±J}J\ I^iCK 

£ 2^(134)^ Nl#(114)J^2i MOIOilAH ^M^iOl OOISHS 1^5H3 MO. 

om^oi b\o\ is9 ^xi2j biioizh ^ai-oii 215^01 pm b^s ^ai^#oi mioi^027) 

,2] £i#2^.Q-^AH^ S 1:02^X112) #0|| 9|fiS^.SA|0|| BilOj^^ SI . r .Q^.O [L-CH&pI ..^B- 51QJ 

o.'oi rasoirEHroi^a m^e\i}2\ ^i^g^oi ^^gcn h^ei- ^^oi ^© -^xisi-a^ia ^ 

[^AIOII 11] 

flius^r & m&2\ c\b ^Aiojioiw oi xh ^Ahoii s\^[o\ mg& Bii§ ^ om&mm xm^^M 
Mm® oum uoyio. 

^I14£0li MCHAH ^|s(135), (136)^ fillOIXH SAhOII 2Jo^ ^CHSJ N + g 137^ NS XH§5, 

112, 1 12 ' m&m, 138. 137^ A! H £2^ ^^^^ @ S^OIO. 

m^m y§ o^s ^aieot(i37)e ah^o^/h *tmsio\ 2^(138), (i3o)nf2j 

b M^S XHXH^2| B^S fe!£isat(135), (136)011 2\mo\ ^sSFO. 

[4IAIQH 12] 

xiii5£^ ojl^o^ i 2 L0 iam Mai^z) m^ ^ex-ii sxis ^ ^soii 2ishoi ^aigiim Uolh 

W ^Pl ^OI*#aH NPN^XhSJ S^£f ^goj| ojs^ H£@0. 

S 41 Al Oil 21 ^§8 21319(141)8 flIOIXi iA^OII 2iSF01 Si0 2 ^( 1 12)^011 S^SH3 M3I CCH^CHI ^^S. 
mO\ ^OhXIb S, tfil0|^(142)g 2J¥ WlOl^fe S10 2 a|( 1 12)^011 l^£l^l O S CHI 3l^g^0IU ^1^^ 

gjoi im, \\ 2j ^^xiicH (Bef f ) » ^£(f f m 41^ a^iisr 4- m^ aoio. 

SE «M5£0i| MCHAH , 121B N + 10j| 0IO ^l^l, 143B 144,145^ N§ M^Ei, 146g 2J^IOS^, 

147,148^ M^EHS^, 149^ mO\± S^OICK 

[Ai aioi 13] 
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e yrsoii simoi i^xiioii sjohoi ^4=^1 93 gaisw ^ie^f 

¥^ S^SJCH 2i ¥^0il 2|^l £X*M 4= SiCK' X||16Efe: n 1 0il S UEfLHffl , 

J3l16(a)£0il UEIttl S*0| pU ^ai^ 100)^011 £P| ^gOll 0} B}M Si0 2 ^(112) §J N§ Eh^§ 

m (1U)e ISO, aMOil X||16(b)£0|| UEItH bU2}^0| 112^(150), ( 151 )S g^SiS £ 

¥^(152) ^ 3IB(100)01| 3^8 ¥^(153)01 l&SCK 150) , ( 151 )B Si0 2 0|^£ MB 

gXI°i BXI Oil °|SK)1 SZM^IM lyShOIS §CL* 

£, mm ^^25 A^SIIH 21^ LoCoS 21^01! 2JS>01 Si0 2 ^£|g ISmOIS gCK 0|2f^0| 81-01 
m&0\ QB S«M §jgU 4 s Si^H^ 2f2f ^^0|| toe ^XfM i^H" 4- 2i0i CHB6I 

XII16(c)£b 3 1 011 ^ AH ^25^1 ^2J@ 33^011 £Ml-||g PNP ^XI^EI 191S PU0II 0|E| f 192*=: N 

m mo\± mm pi m^e\m s^goii^ ^£Ki») NPN^xi^L-i(i29:Ni»oiioiEi, 

127:Pi miO|^ f 114, 125, 130 : NU I^IEj)! 310ICL 

^Eil^ PNPM^XI^Q^ 0|2H*0| ^$\m I^X^AH g£|£JCH 2*31 HH^OII ^g0|2|£ . feg 

EH 0|^3f ^Hf4= fSl 40|- Si CI. 

0|&2| o^AH g«»6H£! U^2f^0| g gTSOII S| 5h£ PISSED gas^OII £S£|CH 8^)8-933 
Bh£»W0|| fcftOlfi&l M^XIr^Q , FEF, Ch0|£H ^ XHI>^ Sfg&fiEMI ^XfS 4* SACK 0\m 

bx\ i#ne>oi omej zi 5 if oi^sj emxii ±i±m m^zi e^s ysxii ^lhoii 

1 

e.^s ysx-ii :>ie s^£i ¥^oii ni^afe et^x-ii s^hj 

2*8fe &?1l2f. y^xil^Om H|§H ^£XHQ|2| Ai°^ ¥^011 efjOIXHS ^A^SFOj ni^Ah ¥^°l 

^¥M 5^3 AH BSS ^£x1l HS2f §o^g|oj^oj. ¥ «s E|^5h01 31§ 

^£xj|^^ ii£Sfe Bl§ ^£x1l^2j ¥^011 P NSl^g S^S^ B^IM^ 0|¥CH£! ^ 

£xil ^IS 
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